DELAWARE  RIVER  BASIN 
D1NGMANS  CREEK,  PIKE  COUNTY 


PENNSYLVANIA 


BEAVER  POND  DAM 

NDl  l.D.  NO.  PA-00408 
PENNDER  l.D.  NO.  52-13 


ECKMAN  LUMBER  COMPANY 


9 

'  J 


PHASE  I_  INSPECTION  REPORT 
NATIONAL  gAM  INSPECTION  PROGRAM. 

hlZ).  >  •  '•  ~  V&- 

1,1.  >>  »  -  ss  i-)  Ai  '  ' '  v  -  ^ 


-yk  y 


t  Prepared  forj  ~  jj7~ i 

''  [  •  /o.  i  *•  n/W'h 

department  OF  THE  ARSnr^ - - 

Baltimore  Distriet,  Corps  of  Engineers 
Baltimore,  Maryland  21203 


r.  ihCivcJ 


9  M' . 


PREPARED  BY 


GAI  CONSULTANTS,  INC.  ' 

570  BEATTY  ROAD 
MONROEVILLE,  PENNSYLVANIA  15146 

I  P!  M  AR0M08I  / 


i 


PREFACE 


This  report  is  prepared  under  guidance  contained  in  the  Recommended 
Guidelines  for  Safety  Inspection  of  Dams  for  Phase  I  Investiga¬ 
tions.  Copies  of  these  guidelines  may  be  obtained  from  the  Office 
of  Chief  of  Engineers,  Washington,  D.C.  20314.  The  purpose  of  a 
Phase  I  investigation  is  to  identify  expeditiously  those  dams  which 
may  pose  hazards  to  human  life  or  property.  The  assessment  of  the 
general  condition  of  the  dam  is  based  upon  available  data  and 
visual  inspections.  Detailed  investigation  and  analyses  involving 
topographic  mapping,  subsurface  investigations,  testing,  and  de¬ 
tailed  computational  evaluations  are  beyond  the  scope  of  a  Phase  I 
investigation;  however,  the  investigation  is  intended  to  identify 
any  need  for  such  studies. 

In  reviewing  this  report,  it  should  be  realized  that  the  reported 
condition  of  the  dam  is  based  on  observations  of  field  conditions 
at  the  time  of  inspection  along  with  data  available  to  the  in¬ 
spection  team. 

It  is  important  to  note  that  the  condition  of  a  dam  depends  on 
numerous  and  constantly  changing  internal  and  external  conditions, 
and  is  evolutionary  in  nature.  It  would  be  incorrect  to  assume 
that  the  present  condition  of  the  dam  will  continue  to  represent 
the  condition  of  the  dam  at  some  point  in  the  future.  Only  through 
frequent  inspections  can  unsafe  conditions  be  detected  and  only 
through  continued  care  and  maintenance  can  these  conditions  be 
prevented  or  corrected. 

Phase  I  inspections  are  not  intended  to  provide  detailed  hydrologic 
and  hydraulic  analyses.  In  accordance  with  the  established  guide¬ 
lines,  the  Spillway  Design  Flood  is  based  on  the  estimated  Probable 
Maximum  Flood  (greatest  reasonably  possible  storm  runoff)  for  the 
region,  or  fractions  thereof.  The  Spillway  Design  Flood  provides  a 
measure  of  relative  spillway  capacity  and  serves  as  an  aid  in 
determining  the  need  for  more  detailed  hydrologic  and  hydraulic 
studies,  considering  the  size  of  the  dam,  its  general  condition, 
and  the  downstream  damage  potential . 

Breach  analyses  are  performed,  when  necessary,  to  provide  data 
to  assess  the  potential  for  downstream  damage  and  possible  loss  of 
life.  The  results  are  based  on  specific  theoretical  scenarios 


peculiar  to  the  analysis  of  a  particular  dam  and  are  not  applicable 
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PHASE  I  INSPECTION  REPORT 
NATIONAL  DAM  INSPECTION  PROGRAM 

ABSTRACT 


Beaver  Pond  Dam:  NDI  I.  D.  No.  PA-00408 


Owner:  Eckman  Lumber  Company 

State  Located:  Pennsylvania  (PennDER  I.D.  No.  52-13) 


County  Located: 
Stream: 


Pike 

Dingmans  Creek 


Inspection  Date:  13  November  1980 


Inspection  Team:  GAI  Consultants,  Inc. 

570  Beatty  Road 

Monroeville,  Pennsylvania  15146 


Based  on  a  visual  inspection,  operational  history, 
hydraulic  analysis,  the  dam  is  considered  to  be  in 


and  hydrologic/ 
good  condition. 


The  size  classification  of  the  facility  is  small  and  the  hazard 
classification  is  considered  to  be  high.  In  accordance  with  the 
recommended  guidelines,  the  Spillway  Design  Flood  ( SDF )  ranges 
between  the  1/2  PMF  (Probable  Maximum  Flood)  and  the  PMF.  Since 
the  facility  is  classified  near  the  lower  bounds  of  the  small 
category,  the  SDF  is  considered  to  be  the  1/2  PMF.  Results  of 
hydrologic  and  hydraulic  analyses  indicate  the  facility  will  pass 
and/or  store  approximately  40  percent  of  the  PMF  prior  to  embank¬ 
ment  overtopping  at  the  low  area  in  the  embankment  crest  (elevation 
1177.4).  Breach  analysis  indicates  that  failure  under  less  than 
1/2  PMF  conditions  could  lead  to  increased  downstream  damage  and 
potential  for  loss  of  life.  Thus,  based  on  screening  criteria 
provided  by  the  recommended  guidelines,  the  spillway  is  considered 
to  be  seriously  inadequate  and  the  facility  unsafe,  non-emergency. 

F  \  l,  ~  ■ 

It  is  recommended  that  the  owner  immediately:  *  ” 


a.  Develop  a  formal  emergency  warning  system  to  notify 
downstream  residents  should  hazardous  embankment  conditions 
develop.  Included  in  the  plan  should  be  provisions  for  around- 
the-clock  surveillance  of  the  facility  during  periods  of  unusually 
heavy  precipitation. 

b.  Retain  the  services  of  a  registered  professional  engineer 
experienced  in  the  hydraulics  and  hydrology  of  dams  to  more  accu¬ 
rately  assess  the  adequacy  of  the  spillway  and  prepare  recommenda¬ 
tions  for  remedial  measures  deemed  necessary  to  make  the  facility 
hydraulically  adequate. 


iii 


1 


Beaver  Pond  Dam:  NDI  I.D.  No.  PA-00408 

c.  Have  the  embankment  and  adjacent  abutment  areas  accurate¬ 
ly  surveyed  and  infill  any  low  areas  to  restore  the  crest  to  the 
design  elevation  of  1177.5  feet. 

d.  Repair  all  areas  of  deterioration  in  the  concrete  sur¬ 
faces  of  the  spillway  and  spillway  apron,  and  rearrange  any  dis¬ 
placed  riprap  in  the  discharge  channel . 

e.  Remove  the  potentially  obstructing  debris  lodged  in  the 
spillway  forebay. 

f.  Remove  all  the  trees,  their  root  systems,  and  brush  from 
the  crest,  upstream  and  downstream  embankment  slopes.  This  opera¬ 
tion  should  be  conducted  under  the  guidance  of  a  soils  engineer 
experienced  in  the  design  and  construction  of  earth  dams. 

g.  Develop  formal  manuals  of  operation  and  maintenance  to 
ensure  the  future  proper  care  of  the  facility. 


GAI  Consultants,  Inc. 
VglA^. 

Bernard  M.  Mi ha Pern,  P . E . 


<c 


Approved  by : 

I  JAMES  W.  PECK 

f Colonel,  Corps  of  Engineers 
\j  District  Engineer 
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PHASE  I  INSPECTION  REPORT 
NATIONAL  DAM  INSPECTION  PROGRAM 
BEAVER  POND  DAM 

NDI  #  PA-00408,  PENNDER  #  52-13 
SECTION  I 

GENERAL  INFORMATION 


1.0  Authority. 

The  Dam  Inspection  Act,  Public  Law  92-367,  authorized  the 
Secretary  of  the  Army,  through  the  Corps  of  Engineers,  to  initiate 
a  program  of  inspection  of  dams  throughout  the  United  States. 

1:1  Purpose. 

The  purpose  is  to  determine  if  the  dam  constitutes  a  hazard  to 
human  life  or  property. 


1.2  Description  of  Proiect. 


a.  Dam  and  Appurtenances .  Beaver  Pond  Dam  is  an  earth 
embankment  approximately  14  feet  high  and  395  feet  long,  including 
spillway.  The  facility  is  provided  with  an  uncontrolled,  rectangu¬ 
lar  shaped,  concrete  chute  channel  spillway  located  at  the  right 
abutment.  The  spillway  is  equipped  with  an  ogee-type  weir,  110 
feet  in  length.  The  outlet  works  consist  of  a  36-inch  diameter 
reinforced  concrete  pipe  that  discharges  at  the  downstream  embank¬ 
ment  toe  near  the  left  sidewall  of  the  spillway.  Flow  through  the 
pipe  is  manually  controlled  by  a  36-inch  diameter  sluice  gate 
located  at  the  inlet. 

b.  Location.  Beaver  Pond  Dam  is  located  on  Dingmans  Creek 
in  Delaware  Township,  Pike  County,  Pennsylvania.  The  facility  is 
located  approximately  two  miles  east  of  the  community  of  Edgemere, 
Pennsylvania,  and  less  than  three  miles  northwest  of  the  town  of 
Holy  Trinity  (off  Legislative  Route  51006).  The  dam  reservoir  and 
watershed  are  contained  within  the  Edgemere  and  Lake  Maskenozha, 
Pennsylvania-New  Jersey,  7.5  minute  U.S.G.S.  topographic  quad¬ 
rangles  (see  Figure  1,  Appendix  E).  The  coordinates  of  the  dam  are 
N41°  15.1'  and  W74°  56.9'. 

c.  Size  Classification.  Small  (14  feet  high,  approximately 
150  acre-feet  storage  capacity  at  the  top  of  dam). 

d.  Hazard  Classification.  High  (see  Section  3.1.e). 

e.  Ownership.  Eckman  Lumber  Company 

R.  D.  #3 

Lehighton,  Pennsylvania  18235 

Attention:  John  Eckman,  President 
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f.  Purpose.  Recreation. 

g.  Historical  Data.  Detailed  correspondence  from  PennDER 
files  indicate  that  Beaver  Pond  Dam  was  originally  constructed 
prior  to  1913  and  was  used  for  water  power.  The  original  dam  was 
an  earth  and  rock  structure  10  feet  high  and  only  70  feet  long.  By 
1950,  remedial  measures  to  control  seepage  and  correct  damage  from 
overtopping  had  resulted  in  a  facility  with  a  concrete  spillway  and 
an  embankment  length  of  about  200  feet.  During  the  flood  of  August 
1955,  however,  the  dam  was  once  again  severely  damaged  and  it  was 
decided  by  the  owner  to  reconstruct  the  entire  facility. 

In  1955,  Edward  C.  Hess  Associates,  Inc.,  civil  engineers 
of  Stroudsburg,  Pennsylvania,  designed  the  present  facility.  The 
new  dam  was  designed  as  a  350-foot  long  earth  embankment  (field 
measured  at  395  feet)  with  a  110-foot  concrete  spillway.  This 
facility  was  completed  in  1956-1957  and  has  since  functioned  with¬ 
out  any  significant  problems. 


1.3  Pertinent  Data. 

a.  Drainage  Area  (square  miles).  7.0 

b .  Discharge  at  Dam  Site 

Discharge  Capacity  of  Outlet  Conduit  -  Discharge  curves 
are  not  available. 

Discharge  Capacity  of  Spillway  at  Maximum  Pool  s  5100  cfs 
(see  Appendix  D,  Sheet  10). 

c.  Elevations  ( feet  above  mean  sea  Level ) .  The  following 
elevations  were  obtained  from  available  drawings  and  through  field 
measurements  based  on  the  elevation  of  normal  pool  at  approximately 
1172.0  feet  as  indicated  in  Figure  1  (see  Appendix  D,  Sheet  1). 

Top  of  Dam 

Maximum  Design  Pool 
Maximum  Pool  of  Record 
Normal  Pool 
Spillway  Crest 
Upstream  Inlet  Invert 
Downstream  Outlet  Invert 
Downstream  Outlet  Invert 
Streambed  at  Dam  Centerline 
Maximum  Tailwater 

d.  Reservoir  Length  (feet). 

Top  of  Dam 
Normal  Pool 


1177.5  (design). 

1177.4  (field). 

Not  known. 

Not  known. 

1172.0  (assumed  datum). 
1172.0. 

1165.0  (design). 

1164.6  (design). 

1163.1  (field). 

1164.6  (estimated). 

Not  known. 


2650 

2500 
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e.  Storage  ( acre- feet ) . 

Top  of  Dam 
Normal  Pool 

f .  Reservoir  Surface  (acres) 

Top  of  Dam 
Normal  Pool 

g.  Dam. 

Type 

Length 

Height 

Top  Width 

Upstream  Slope 
Downstream  Slope 

Zoning 

Impervious  Core 
Cutoff 

Grout  Curtain 

h.  Diversion  Canal  and 
Regulating  Tunnels. 

i .  Outlet  Works . 


150 

61 


20 
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Earth. 

285  feet  (excluding  spill¬ 
way). 

14  feet  (field  measured; 
embankment  crest  to  down¬ 
stream  embankment  toe ) . 

Varies;  two  feet  minimum  at 
left  abutment  to  10  feet 
maximum  near  spillway. 

2H:1V. 

Varies;  6.5H:lV  minimum  to 
3H: IV  maximum. 

Homogeneous  earth  embank¬ 
ment  with  a  rock  covered 
upstream  slope  (see  Fig¬ 
ure  3 ) . 

Homogeneous  earth  section. 

Impervious  cutoff  as  shown 
in  Figure  3 . 

Not  known. 


None. 


Concrete  intake  tower  with 
Rodney  Hunt  Series  208 
rising  stem  operator  and 
36-inch  diameter  sluice 
'gate . 


Type 
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Outlet  Conduit 

Conduit  Length 

j .  Spillway. 

Type 

Crest  Elevation 

Crest  Length 

Closure  and  Regulating 
Facilities 

Access 


36-inch  diameter  reinforced 
concrete  pipe  encased  in 
concrete . 

55  feet,  sluice  gate  to 
outlet  endwall. 


Uncontrolled,  rectangular 
shaped,  concrete  chute 
channel  with  an  ogee-type 
weir. 

1172.0  feet. 

110  feet. 


Manually  controlled  up¬ 
stream  of  embankment  cen¬ 
terline  via  36-inch  dia¬ 
meter  sluice  gate  located 
at  the  inlet.  The  gate  is 
housed  at  the  base  of  a 
reinforced  concrete  riser 
situated  along  the  upstream 
embankment  toe. 

The  riser  is  not  accessible 
by  foot  from  the  embankment 
crest. 


( 


■jL 
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SECTION  2 
ENGINEERING  DATA 


2 . 1  Design. 

a.  Design  Data  Availability  and  Sources.  No  formal  design 
reports  or  calculations  are  available.  No  information  pertaining 
to  the  design  of  the  original  dam  is  available  in  the  PennDER 
files;  but,  information  about  the  present  facility  is  contained  in 
the  above  files  in  the  form  of  two  drawings,  dated  1955  (see  Fig¬ 
ures  2  and  3,  Appendix  E).  In  addition,  these  files  contain  the. 
state  construction  permit  application  reports,  dated  1955  and  1956, 
which  contain  brief  descriptions  of  the  design  aspects  of  the 
present  facility. 

b .  Design  Features. 

1.  Embankment.  Details  of  the  basic  embankment  design 
are  presented  in  Figures  2  and  3.  As  indicated,  the  present  facil¬ 
ity  was  constructed  atop  the  existing  earth  embankment  (see  Fig¬ 
ure  3,  Section  E-E).  Specific  design  features  are  obscure  since 
much  of  the  embankment,  as  viewed  by  the  inspection  team,  differed 
somewhat,  in  dimension  and  cross-section  from  that  shown  in  Fig¬ 
ure  3.  The  renovated  embankment  constructed  in  1956,  was  designed 
with  2H:1V  upstream  and  downstream  slopes  and  an  eight-foot  minimum 
embankment  crest  width.  The  embankment  crest,  observed  by  the 
inspection  team,  varied  in  width  from  ten  feet  near  the  left  spill¬ 
way  sidewall  to  two  feet  near  the  left  abutment.  The  downstream 
face  has  an  irregular  slope  varying  from  6.5H:1V  to  3H:1V.  The 
steepest  downstream  embankment  slope  coincides  with  the  broadest 
section  of  the  embankment  crest  near  the  left  sidewall  of  the 
spillway.  An  impervious  clay  cutoff  is  apparent  in  the  available 
drawings  and  is  discussed  in  the  state  permit  reports. 

2 .  Appurtenant  Structures . 

a)  Spillway.  Design  features  of  the  spillway  are 
presented  in  Figures  2  and  3.  As  indicated,  the  spillway  is  an 
uncontrolled,  rectangular  shaped,  concrete  chute  channel  with  an 
ogee- type  weir  located  at  the  right  abutment.  The  length  of  the 
spillway  crest  is  110  feet.  The  structure  is  tied  into  the  embank¬ 
ment  on  both  sides  with  18-inch  thick  concrete  key  walls  that  are 
reportedly  carried  to  impervious  foundation  material.  The  spillway 
was  designed  to  discharge  over  a  12-inch  thick  grouted  stone  apron. 
At  the  end  of  the  apron,  an  18-inch  thick  curtain  wall  is  carried 
down  to  a  suitable  impervious  foundation  material.  The  discharge 
channel  downstream  of  the  curtain  wall  was  to  be  protected  with 
randomly  dumped  stone. 

b)  Outlet  Conduit.  Design  features  of  the  outlet 
conduit  are  presented  in  Figure  3.  As  indicated,  the  outlet  con¬ 
duit  is  a  36-inch  diameter  reinforced  concrete  pipe  with  the  inlet 
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located  at  the  base  of  the  reinforced  concrete  riser  and  the  outlet 
at  the  downstream  toe  of  the  embankment  immediately  adjacent  the 
left  sidewall  of  the  spillway.  The  concrete  riser  is  situated  on 
the  upstream  side  of  the  embankment  adjacent  to  the  spillway.  Flow 
through  the  outlet  is  controlled  by  means  of  a  36-inch  diameter 
sluice  gate  located  at  the  inlet.  The  gate  is  manually  operated 
from  atop  the  riser  structure. 

c.  Specific  Design  Data  and  Criteria.  Available  design  data 
is  limited  primarily  to  the  information  contained  in  the  1955  and 
1956  state  permit  application  reports  and  provided  in  Figures  2  and 
3.  No  information  relative  to  specific  design  procedures  or  applied 
construction  techniques  was  obtained. 


2.2  Construction  Records . 

No  formal  construction  records  are  available  for  the  original 
facility  built  prior  to  1913,  or  for  the  present  facility  built  in 
1956-1957.  PennDER  files  contain  photographs  and  correspondence 
accumulated  during  the  years  of  construction;  however,  there  is  no 
information  pertaining  to  specific  construction  aspects  or  tech¬ 
niques  such  as  compaction  procedures. 


2.3  Operational  Records . 

No  records  of  the  day-to-day  operation  of  this  facility  are 
available . 


2.4  Other  Investigations 

Formal  state  inspection  reports  for  both  the  original  and  the 
present  facilities  are  contained  in  PennDER  files  for  the  years 
1919,  1950,  1960,  and  1965. 


2 . 5  Evaluation. 

The  available  data,  coupled  with  the  information  obtained 
during  the  visual  inspection,  are  considered  adequate  to  make  a 
reasonable  Phase  I  assessment  of  the  facility. 
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SECTION  3 
VISUAL  INSPECTION 


3 . 1  Observations . 

a.  General .  The  general  appearance  of  the  facility  suggests 
it  to  be  in  good  condition. 

b.  Embankment.  Observations  made  during  the  visual  inspec¬ 
tion  indicate  the  embankment  is  in  good  condition.  No  seepage 
through  the  downstream  face  of  the  dam  or  indications  of  embankment 
instability  were  noted  during  the  field  inspection.  Some  minor 
deficiencies  were  observed  which  will  require  the  remedial  atten¬ 
tion.  These  include: 

1.  Low  area  in  the  right  abutment  (1.1-foot  below  the 
design  top  of  the  dam)  beyond  the  apparent  end  of  the  embankment. 

2.  Low  area  in  the  left  abutment  (0.4-foot). 

3 .  The  entire  upstream  embankment  face  is  heavily 
overgrown  with  weeds,  brush,  and  trees  up  to  six  inches  in  dia¬ 
meter  . 


4.  The  downstream  embankment  face  in  the  vicinity  of 
the  spillway  is  covered  with  brush  and  small  trees. 

c .  Appurtenant  Structures. 

1.  Spillway.  The  condition  of  the  spillway  is  con¬ 
sidered  to  be  good  (see  Photographs  8,  9,  and  11).  A  large  stump 
and  a  section  of  a  boat  dock  were  observed  lodged  in  the  spillway 
forebay.  Moderate  scaling  and  a  few  minor  spalls  were  observed 
over  the  ogee  crest.  The  spillway  sidewalls  exhibit  only  minor 
cracking.  An  apron  is  constructed  downstream  of  the  spillway  with 
an  approximate  15  percent  grade .  The  apron  shows  signs  of  distress 
and  requires  remedial  attention  to  protect  it  from  further  deter¬ 
ioration  (see  Photograph  11).  Water  action  has  displaced  some  of 
the  random  rock  dumped  adjacent  to  the  curtain  wall. 

2.  Outlet  Works .  The  visible  parts  of  the  outlet  works 
(intake  structure  and  discharge  structure)  were  found  to  be  in  good 
condition.  The  concrete  intake  structure  is  located  approximately 
25  feet  upstream  of  the  crest  of  the  dam  and  was  inaccessible  by 
foot  at  the  time  of  inspection  (see  Photographs  5  and  6).  The 
control  valve  mechanism  was  not  operated  during  the  inspection; 
however,  the  owner  stated  that  the  gate  was  operated  about  two 
years  ago . 


d.  Reservoir  Area.  The  general  area  surrounding  the  reser¬ 
voir  is  comprised  of  moderate  to  steep  slopes  that  are  heavily 
forested  (see  Photographs  1  and  2).  No  signs  of  slope  distress 
were  observed. 
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e.  Downstream  Channel.  The  spillway  discharges  into 
Dingmans  Creek,  a  steeply  sloped  braided  stream  set  in  a  narrow 
valley  between  steep,  heavily  wooded  side  slopes.  The  potential 
hazard  area  is  located  approximately  500  feet  downstream  of  the  dam 
where  Dingmans  Creek  parallels  Legislative  Route  51006.  Several 
small  business  establishments  are  located  along  the  left  bank  of 
the  stream.  Many  residences  are  located  along  both  banks  of 
Dingmans  Creek  for  the  next  mile.  Due  to  their  close  proximity  to 
the  streambed,  approximately  15  homes  and  as  many  as  50  persons 
could  be  affected  in  this  area  by  the  floodwaters  associated  with 
an  embankment  breach.  Consequently,  the  hazard  classification  is 
considered  to  be  high. 


3.2  Evaluation. 

The  overall  condition  of  the  facility  is  considered  to  be 
good.  Low  areas  were  noted  at  or  near  both  embankment-abutment 
junctions.  These  levels  should  be  verified  by  an  accurate  survey 
and  remedial  measures  implemented.  The  operability  of  the  sluice 
gate  should  be  verified.  Efforts  should  also  be  made  to  clear 
embankment  overgrowth  from  both  the  upstream  and  downstream  slopes. 
Some  concrete  deterioration  is  evident  in  the  spillway  and  spillway 
apron  which  should  be  repaired  along  with  the  rearrangement  of 
displaced  riprap  observed  in  the  discharge  channel.  In  addition, 
potential  obstructions  to  free  spillway  discharge  such  as  the  large 
stump  and  boat  dock  section  observed  in  the  spillway  forebay  should 
be  removed. 
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SECTION  4 

OPERATIONAL  PROCEDURES 


4.1  Normal  Operating  Procedure. 

The  facility  is  essentially  self-regulating.  That  is,  excess 
inflow  discharges  automatically  over  the  spillway  and  is  directed 
downstream.  Normally,  the  outlet  conduit  is  closed.  No  formal 
operations  manual  is  available. 


4.2  Maintenance  of  Dam. 

No  formal  maintenance  program  exists  for  the  dam.  The  owner 
stated  that  responsibility  for  maintenance  of  the  facility  was 
trams f erred  to  Pocono  Mountain  Lake  Estates  in  exchange  for  shore¬ 
line  property  and  use  of  the  lake. 

4.3  Maintenance  of  Operating  Facilities. 

The  only  operable  appurtenance  associated  with  the  facility  is 
the  manually  controlled  sluice  gate  at  the  inlet  of  the  outlet 
conduit.  Regular  maintenance  is  not  performed  and  no  maintenance 
manual  is  available. 


4.4  Warning  System. 

There  is  no  formal  warning  system  for  the  facility. 


4.5  Evaluation. 

No  formal  operations  or  maintenance  manuals  are  available  for 
the  facility,  but  are  recommended  to  ensure  proper  future  care  and 
operation.  In  addition,  a  formal  warning  system  should  be  develop¬ 
ed  and  incorporated  into  any  such  manuals. 
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SECTION  5 

HYDROLOGIC/HYDRAULIC  EVALUATION 


5 . 1  Design  Data. 

No  formal  design  reports  or  calculations  are  available.  A 
state  permit  application  report  for  the  reconstruction  of  the  dam, 
dated  1955,  indicates  that  the  spillway  was  designed  with  a  dis¬ 
charge  capacity  of  about  5,370  cfs,  based  on  a  spillway  opening  110 
feet  long  and  5.5  feet  deep  (as-built),  using  3.78  as  the  coeffi¬ 
cient  of  discharge.  The  design  capacity  exceeded  1955  state  re¬ 
quirements  and  was  subsequently  approved. 


5.2  Experience  Data. 

Records  of  reservoir  levels  and/or  spillway  discharges  are  not 
available. 


5.3  Visual  Observations. 

On  the  date  of  inspection,  no  conditions  were  observed  that 
would  indicate  the  spillway  could  not  function  satisfactorily 
during  a  flood  event,  within  the  limits  of  its  design  capacity. 


5.4  Method  of  Analysis. 

The  facility  has  been  analyzed  in  accordance  with  the  pro¬ 
cedures  and  guidelines  established  by  the  U.  S.  Army,  Corps  of 
Engineers,  Baltimore  District,  for  Phase  I  hydrologic  and  hydraulic 
evaluations.  The  analysis  has  been  performed  utilizing  a  modified 
version  of  the  HEC-1  program  developed  by  the  U.  S.  Army,  Corps  of 
Engineers,  Hydrologic  Engineering  Center,  Davis,  California. 
Analytical  capabilities  of  the  program  are  briefly  outlined  in  the 
preface  contained  in  Appendix  D. 


5.5  Summary  of  Analysis. 

a.  Spillway  Design  Flood  (SDF}.  In  accordance  with  the 
procedures  and  guidelines  contained  in  the  National  Guidelines  for 
Safety  Inspection  of  Dams  for  Phase  I  Investigations,  the  Spillway 
Design  Flood  (SDF)  for  Beaver  Pond  Dam  ranges  between  the  1/2  PMF 
(Probable  Maximum  Flood)  and  the  PMF.  This  classification  is  based 
on  the  relative  size  of  the  dam  (small)  and  the  potential  hazard  of 
dam  failure  to  downstream  developments  (high).  Since  the  facility 
is  classified  near  the  lower  bounds  of  the  small  category,  the  SDF 
is  considered  to  be  the  1/2  PMF. 


11 


b.  Results  of  Analysis.  Beaver  Pond  Dam  was  evaluated  under 
normal  operating  conditions.  That  is,  the  reservoir  was  initially 
at  its  normal  pool  or  spillway  elevation  of  approximately  1172.0 
feet,  with  the  spillway  weir  discharging  freely.  The  outlet  con¬ 
duit  was  assumed  to  be  non- functional  for  the  purpose  of  analysis, 
since  the  flow  capacity  of  this  conduit  is  not  such  that  it  would 
significantly  increase  the  total  discharge  capabilities  of  the  dam 
and  reservoir.  The  spillway  consists  of  an  uncontrolled,  rectan¬ 
gular  shaped,  concrete  chute  channel  with  discharges  regulated  by  a 
concrete  ogee-type  weir. 

Lake  Rene  Dam  and  Marcel  Lake  Dam,  located  upstream  of  Beaver 
Pond  Dam,  were  considered  in  this  analysis  to  determine  their 
effects  on  Beaver  Pond  Dam.  They  also  were  evaluated  under  normal 
operating  conditions.  That  is,  the  reservoirs  were  initially  at 
normal  pool;  the  spillways  were  assumed  to  be  discharging  freely; 
and,  the  outlet  conduits  were  assumed  to  be  closed.  The  outflow 
from  Lake  Rene  Dam  was  routed  directly  into  Marcel  Lake,  and  the 
total  outflow  from  Marcel  Lake  Dam  was  routed  directly  into  Beaver 
Pond.  All  pertinent  engineering  calculations  relative  to  the 
evaluation  of  Beaver  Pond  Dam,  including  those  pertaining  to  the 
upstream  facilities,  are  included  in  Appendix  D. 

Overtopping  analysis  (using  the  modified  HEC-1  computer  pro¬ 
gram)  indcated  that  the  discharge/storage  capacity  of  Beaver  Pond 
Dam  can  accommodate  only  about  40  percent  of  the  PMF  prior  +-o 
overtopping  of  the  low  area  in  the  embankment  crest  (elevation 
1177.4).  It  is  also  noted  that  under  events  of  0.3  PMF  magnitude 
or  greater,  discharge  would  occur  around  the  right  abutment,  and 
under  events  of  0.37  PMF  magnitude  or  greater,  discharge  would 
occur  around  both  the  left  and  right  abutments  (Appendix  D, 

Sheet  13;  Summary  Input/  Output  Sheets,  Sheet  K;  Appendix  A,  "Pro¬ 
file  of  Dam  Crest  from  Field  Survey").  The  upstream  facilities. 

Lake  Rene  Dam  and  Marcel  Lake  Dam,  can  accommodate  about  70  percent 
and  38  percent  of  the  PMF,  respectively,  prior  to  embankment  over¬ 
topping.  Under  1/2  PMF  ( SDF )  conditions, the  Beaver  Pond  Dam  embank¬ 
ment  would  be  inundated  for  about  3.0  hours,  by  depths  of  up  to  0.7 
feet  above  the  low  area  in  the  embankment  crest  (Summary  Input/Out¬ 
put  Sheets,  Sheets  J  and  K).  Since  the  SDF  for  Beaver  Pond  Dam  is 
the  1/2  PMF,  it  can  be  concluded  that  the  dam  has  a  high  potential 
for  overtopping,  and  thus,  for  breaching  under  floods  of  1/2  PMF 
magnitude  or  less . 

As  Beaver  Pond  Dam  cannot  safely  accommodate  a  flood  of  at 
least  1/2  PMF  magnitude,  the  possibility  of  embankment  failure 
under  floods  of  1/2  PMF  intensity  or  less  was  investigated  (in 
accordance  with  Corps  directive  ETL-1110-2-234) .  Several  possible 
alternatives  were  examined,  since  it  is  difficult,  if  not  impos¬ 
sible,  to  determine  exactly  how  or  if  a  specific  dam  will'fail. 

The  major  concern  of  the  breaching  analysis  is  with  the  impact  of 
the  various  breach  discharges  on  increasing  downstream  water  sur¬ 
face  elevations  above  those  to  be  expected  if  breaching  did  not 
occur . 
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The  modified  HEC-1  computer  program  was  used  for  the  breaching 
analysis,  with  the  assumption  that  the  breaching  of  an  earth  dam 
would  commence  once  the  low  area  in  the  embankment  crest  was  over¬ 
topped.  (It  was  assumed  that  the  discharge  around  the  left  and 
right  abutments  alone,  which  would  occur  prior  to  the  overtopping 
of  the  main  embankment,  would  not  ultimately  lead  to  the  failure  of 
the  dam.)  Also,  in  routing  the  outflows  downstream,  the  channel 
bed  was  assumed  to  be  initially  dry. 

Five  breach  models  were  analyzed  for  Beaver  Pond  Dam.  Two 
sets  of  breach  geometry  were  evaluated  for  each  of  two  failure 
times  (Appendix  D,  Sheet  18).  The  two  sets  of  breach  sections 
chosen  were  considered  to  be  the  minimum  and  maximum  probable 
failure  sections.  The  two  failure  times  (total  time  for  each 
breach  section  to  reach  its  final  dimensions)  under  which  the  two 
breach  sections  were  investigated  were  assumed  to  be  a  rapid  time 
(0.5  hours)  and  a  prolonged  time  (3.0  hours),  so  that  a  range  of 
this  most  sensitive  variable  might  be  examined.  In  addition,  an 
average  possible  set  of  breach  conditions  was  analyzed,  with  a 
failure  time  of  1.0  hours. 

The  peak  breach  outflows  (resulting  from  0.43  PMF  conditions) 
at  Beaver  Pond  Dam  ranged  from  about  5,570  cfs  for  the  minimum 
section  -  maximum  fail  time  scheme  to  about  8,700  cfs  for  the 
maximum  section  -  minimum  fail  time  scheme.  The  peak  outflow 
resulting  from  the  average  breach  scheme  was  about  6,170  cfs, 
compared  to  the  non-breach  0.43  PMF  peak  outflow  of  approximately 
5,540  cfs  (Appendix  D,  Sheet  20). 

The  principal  center  of  damage  investigated  is  at  Section  1 
( see  Figure  1 ) ,  approximately  500  feet  downstream  from  Beaver  Pond 
Dam,  where  several  small  businesses  and  residences  are  located. 
Within  this  reach,  the  0.43  PMF  non-breach  outflows  resulted  in  a 
peak  water  surface  elevation  of  about  2.1  feet  above  the  damage 
level  of  the  structures.  However,  the  water  surface  elevations 
resulting  from  the  breach  models  were  as  much  as  3.0  feet  above  the 
damage  level  of  the  structures,  representing  increases  of  up  to  0.9 
feet  (Appendix  D,  Sheet  20). 

The  consequences  of  dam  failure  can  better  be  envisioned  if 
not  only  the  increase  in  the  height  of  the  floodwave  is  considered, 
but,  also  the  great  increase  in  momentum  of  the  larger  and  probably 
swifter  moving  volume  of  water.  In  addition,  there  is  the  possi¬ 
bility  of  a  failure  section  larger  than  those  analyzed,  which  could 
result  from  a  total  or  partial  failure  of  the  spillway  weir  itself, 
which  could  result  in  even  higher  downstream  water  surface  eleva¬ 
tions  . 

From  this  analysis,  it  is  concluded  that  the  failure  of  Beaver 
Pond  Dam  is  quite  possible,  and  would  most  likely  lead  to  increased 
property  damage  and  possibly  to  loss  of  life  in  the  downstream 
region. 
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5.6  Spillway  Adequacy. 

As  presented  previously,  Beaver  Pond  Dam  can  accommodate  only 
about  40  percent  of  the  PMF  prior  to  embankment  overtopping. 

Should  an  event  of  this  magnitude  or  greater  occur,  the  dam  would 
be  overtopped  and  could  possibly  fail,  endangering  downstream 
residents  and  increasing  the  potential  for  loss  of  life  in  the 
downstream  regions.  Therefore,  the  spillway  is  considered  to  be 
seriously  inadequate. 
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SECTION  6 

EVALUATION  OF  STRUCTURAL  INTEGRITY 


6.1  Visual  Observations. 

a.  Embankment .  Based  on  visual  observations,  the  embankment 
appeared  to  be  in  good  condition.  A  few  minor  deficiencies  were 
noted  at  the  time  of  inspection  which  will  require  remedial  atten¬ 
tion.  They  are: 

1.  Low  areas  approximately  one-foot  below  the  design 
crest  elevation  occur  in  both  the  left  and  right  abutments.  An 
accurate  survey  is  recommended  and  the  areas  should  be  regraded 
consistent  with  the  design  top  of  dam  elevation. 

2.  The  roots  of  trees  growing  on  the  dam  may  increase 
the  seepage  potential  through  the  embankment  and  uprooting  of  the 
trees  by  high  winds  could  cause  substantial  volume  of  the  embank¬ 
ment  material  to  be  displaced.  Hence,  the  trees  and  their  root 
systems  should  be  removed. 

b.  Appurtenant  Structures . 

1.  Spillway.  The  spillway  is  in  good  condition  with 
only  minor  spalling  and  cracking  being  observed  on  the  ogee  struc¬ 
ture  and  sidewalls.  Minor  deterioration  of  the  spillway  apron  was 
evident  which  will  require  patching  or  grouting.  Displaced  riprap 
observed  in  the  discharge  channel  should  be  rearranged  to  provide 
for  maximum  erosion  protection. 

2 .  Outlet  Works .  The  outlet  works  appears  to  be  in  good 
condition.  No  concrete  deterioration  or  corrosion  of  the  valve 
operator  was  evident. 


6.2  Design  and  Construction  Techniques. 

No  design  or  construction  records  are  available  with  the 
exception  of  construction  drawings  and  a  few  dated  photographs 
contained  in  PenhDER  files.  A  state  inspection  report,  dated  July 
1956,  indicated  that  construction  had  been  completed  in  accordance 
with  the  plans  and  specifications. 


6 . 3  Past  Performance . 

No  formal  records  of  past  performance  are  available  from  the 
owner;  however,  information  contained  in  PennDER  files  suggest  that 
the  reconstructed  facility  has  performed  satisfactorily  since  its 
completion. 
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6.4  Seismic  Stability. 

The  dam  is  located  in  Seismic  Zone  No.  1  and  thus,  may  be 
subject  to  minor  earthquake  induced  dynamic  forces.  As  the  overall 
static  stability  of  the  embankment  appears  adequate,  it  is  believed 
that  the  facility  can  withstand  minor  earthquake  induced  dynamic 
fores.  However,  no  calculations  and/or  investigations  were  per¬ 
formed  to  confirm  this  opinion. 
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SECTION  7 

ASSESSMENT  AND  RECOMMENDATION  FOR  REMEDIAL  MEASURES 


7 . 1  Dam  Assessment. 

a.  Safety.  The  results  of  this  evaluation  indicate  the 
facility  is  in  good  condition. 

The  size  classification  of  the  facility  is  small  and  its 
hazard  classification  is  considered  to  be  high.  In  accordance  with 
the  recommended  guidelines,  the  Spillway  Design  Flood  for  the 
facility  ranges  between  the  1/2  PMF  (Probable  Maximum  Flood)  to  the 
PMF.  This  classification  is  based  on  the  relative  size  of  the 
facility  (small)  and  the  potential  hazard  of  dam  failure  to  down¬ 
stream  developments  (high).  Since  the  facility  is  classified  near 
the  lower  bounds  of  the  small  category,  the  SDF  is  considered  to  be 
the  1/2  PMF.  Hydraulic  and  hydrologic  analyses  indicate  the  facil¬ 
ity  will  pass  and/or  store  approximately  40  percent  of  the  PMF 
prior  to  embankment  overtopping  at  the  low  area  in  the  embankment 
crest  (elevation  1177.4).  Breach  analysis  indicates  that  failure 
under  less  than  1/2  PMF  conditions  could  lead  to  increased  down¬ 
stream  damage  and  potential  for  loss  of  life.  Thus,  based  on 
screening  criteria  provided  in  the  recommended  guidelines,  the 
spillway  is  considered  to  be  seriously  inadequate  and  the  facility 
unsafe,  non-emergency. 

b.  Adequacy  of  Information.  The  available  information  is 
considered  adequate  to  make  an  accurate  Phase  I  assessment  of  the 
facility. 


c .  Urgency .  The  recommendations  listed  below  should  be 
implemented  immediately. 

d.  Necessity  for  Additional  Investigations.  Additional 
investigations  are  currently  deemed  necessary  to  more  accurately 
assess  the  adequacy  of  the  spillway. 


7 . 2  Recommendations/Remedial  Measures . 

a.  Develop  a  formal  emergency  warning  system  to  notify 
downstream  residents  should  hazardous  embankment  conditions  develop. 
Included  in  the  plan  should  be  provisions  for  around-the-clock 
surveillance  of  the  facility  during  periods  of  unusually  heavy 
precipitation. 

b.  Retain  the  services  of  a  registered  professional  engineer 
experienced  in  the  hydraulics  and  hydrology  of  dams  to  more  accur¬ 
ately  assess  the  adequacy  of  the  spillway  and  prepare  recommendations 
for  remedial  measures  deemed  necessary  to  make  the  facility  hydrau¬ 
lically  adequate. 
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c.  Have  the  embankment  and  immediate  abutment  areas  accur¬ 
ately  surveyed  and  infill  any  low  areas  to  restore  the  crest  to  the 
design  elevation  of  1177.5  feet. 

d.  Repair  all  areas  of  deterioration  in  the  concrete  sur¬ 
faces  of  the  spillway  and  spillway  apron,  and  rearrange  any  dis¬ 
placed  riprap  in  the  discharge  channel. 

e.  Remove  the  potentially  obstructing  debris  lodged  in  the 
spillway  forebay. 

f.  Remove  all  the  trees,  their  root  systems,  and  brush  from 
the  crest,  upstream  and  downstream  embankment  slopes.  This  opera¬ 
tion  should  be  conducted  under  the  guidance  of  a  soils  engineer 
experienced  in  the  design  and  construction  of  earth  dams. 

g.  Develop  formal  manuals  of  operation  and  maintenance  to 
ensure  the  future  proper  care  of  the  facility. 


APPENDIX  A 


VISUAL  INSPECTION  CHECKLIST  AND  FIELD  SKETCHES 
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CHECK  LIST 
ENGINEERING  DATA 

PHASE  I 
(CONTINUED) 
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MODIFICATIONS 


GAI  CONSULTANTS.  INC. 

CHECK  LIST 

HYDROLOGIC  AND  HYDRAULIC 
ENGINEERING  DATA 

SIZE  OF  ORAINAGE  AREA:  7.0  square  miles. _ 

ELEVATION  TOP  NORMAL  POOL  ,1172.0  .  STORAGE  CAPACITY:  61  acre-feet. 

ELEVATION  TOP  FLOOO  CONTROL  POOL:  .  STORAGE  CAPACITY: _ 

ELEVATION  MAXIMUM  DESIGN  POOL:  -  STORAGE  CAPACITY: _ 

ELEVATION  TOP  0AM:  1177.  4...  STORAGE  CAPACITY:  150  acre-feet. _ 

SPILLWAY  DATA 

CREST  ELEVATION:  1172.0  feet. _ 

TYPE:  Uncontrolled,  rectangular  shaped,  concrete  chute  channel  with 
ogee- type  weir. 

CREST  LENGTH: _ UP  feet _ 

CHANNEL  LENGTH:  .  ..N/A _ 

SPILLOVER  LOCATION:  Right  abutment. _ 

NUMBER  AND  TYPE  OF  GATES: .  None . 

OUTLET  WORKS 

TYPg-  Rodney  Hunt  36- inch  diameter  sluice  gate. 

LOCATION:  Upstream  toe  at  left  sidewall  of  spillway. _ 

ENTRANCE  INVERTS:  1165..0  feet  (.design)  . _ 

EXIT  INVERTS:  1163.1  feet  (field). _ 

EMERGENCY  DRAWOOWN  FACILITIES:  36-inch  diameter  sluice  gate. 

HYDROMETEOROLOGICAL  GAGES 

TYPE:  _  None. 

LOCATION:  _ I _ 

RECORDS:  _ 

MAXIMUM  NON-DAMAGING  DISCHARGE:  _  Unknown . _ 


NDIID#  PA-00408 
PENNDER  ID  »  52-13 
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APPENDIX  C 
PHOTOGRAPHS 


BEAVER  POND  DAM 
PHOTOGRAPH  KEY  MAP 


APPENDIX  D 

HYDROLOGIC  AND  HYDRAULIC  ANALYSES 


D-l 


PREFACE 


The  modified  HEC-1  program  is  capable  of  performing  two 
basic  types  of  hydrologic  analyses:  1)  the  evaluation  of  the 
overtopping  potential  of  the  dam;  and  2)  the  estimation  of  the 
downstream  hydrologic-hydraulic  consequences  resulting  from 
assumed  structural  failures  of  the  dam.  Briefly,  the  computational 
procedures  typically  used  in  the  dam  overtopping  analysis  are  as 
follows : 

a.  Development  of  an  inflow  hydrograph(s)  to  the  reservoir. 

b.  Routing  of  the  inflow  hydrograph( s )  through  the  reser¬ 
voir  to  determine  if  the  event(s)  analyzed  would  overtop  the  dam. 

c.  Routing  of  the  outflow  hydrograph(s)  from  the  reservoir 
to  desired  downstream  locations.  The  results  provide  the  peak 
discharge (s ) ,  time(s)  of  occurrence  the  peak  discharge (s ) ,  and 
the  maximum  stage(s)  of  each  routed  hydrograph  at  the  downstream 
end  of  each  reach. 

The  evaluation  of  the  hydrologic-hydraulic  consequences 
resulting  from  an  assumed  structural  failure  (breach)  of  the  dam 
is  typically  performed  as  shown  below. 

a.  Development  of  an  inflow  hydrograph( s )  to  the  reser¬ 
voir. 

b.  Routing  of  the  inflow  hydrography s )  through  the  reser¬ 
voir. 

c.  Development  of  a  failure  hydrograph(s )  based  on  speci¬ 
fied  breach  criteria  and  normal  reservoir  outflow. 

i 

d.  Routing  of  the  failure  hydrograph(s)  to  desired  down¬ 
stream  locations.  The  results  provide  estimates  of  the  peak  dis¬ 
charge^),  time(s)  to  peak  and  maximum  water  surface  elevation(s) 
of  failure  hydrograph(s )  for  each  location. 


] 


HYDROLOGY  AND  HYDRAULIC  ANALYSIS 
DATA  BASE 

NAME  OF  DAM:  _ BEAVER  POND  DAM _ 

PROBABLE  MAXIMUM  PRECIPITATION  (PMP)  =  22.0  INCHES/24  HOURS 


STATION 

1 

2 

3 

LAKE  RENE  DAM 

MARCEL  LAKE 

BEAVER  POND 

STATION  DESCRIPTION 

DAM 

DAM 

DRAINAGE  AREA  (SQUARE  MILES) 

1.6 

2.7 

2.7 

CUMULATIVE  DRAINAGE  AREA 

1.6 

4.3 

7.0 

(SQUARE  MILES) 

ADJUSTMENT  OF  PMF  FOR 

DRAINAGE  AREA  LOCATION  (%] 

Zone  1 

Zone  1 

Zone  1 

6  HOURS 

111 

111 

111 

12  HOURS 

123 

123 

123 

24  HOURS 

133 

133 

133 

48  HOURS 

142 

142 

142 

72  HOURS 

- 

- 

- 

SNYDER  HYDROGRAPH  PARAMETERS 

ZONE  (21 

1 

1 

1 

Cp  (-3) 

0.45 

0.45 

0.45 

Ct  (3) 

1.23 

1.23 

1.23 

L  (MILES)  (4) 

2.5 

2.7 

3.3 

Lca  (MILES)  (4) 

1.2 

1.2 

1.4 

tp  =  Ct  (L*Lca) °’3  (HOURS) 

1.71 

1.75 

1.95 

SPILLWAY  DATA  (5) 

CREST  LENGTH  (FEET) 

55 

60 

110 

FREEBOARD  (FEET) 

5.0 

5.5 

5.4 

(1)  HYDROMETEOROLOGICAL  REPORT  33,  U.S.  ARMY  CORPS  OF  ENGINEERS,  1956. 

(2)  HYDROLOGIC  ZONE  DEFINED  BY  CORPS  OF  ENGINEERS,  BALTIMORE  DISTRICT,  FOR 
DETERMINATION  OF  SNYDER  COEFFICIENTS  (Cp  AND  Ct) . 

(3)  SNYDER  COEFFICIENTS 

(4)  L  *  LENGTH  OF  LONGEST  WATERCOURSE  FROM  DAM  TO  BASIN  DIVIDE 

L__  *  LENGTH  OF  LONGEST  WATERCOURSE  FROM  DAM  TO  POINT  OPPOSITE  BASIN  CENTROID, 
ca 

(5)  SPILLWAY  DATA  RELATING  TO  LAKE  RENE  DAM  AND  MARCEL  LAKE  DAM  OBTAINED  FROM 
PHASE  I  INSPECTION  REPORT,  MARCEL  LAKE  DAM  (SEE  NOTE  3,  SHEET  14  OF  20). 
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APPENDIX  F 


GEOLOGY 


Geology 

Beaver  Pond  Dam  is  located  in  the  glaciated  Low  Plateaus 
section  of  the  Appalachian  Plateaus  physiographic  province  of 
eastern  Pennsylvania.  In  this  area,  the  Appalachian  Plateaus 
province  is  characterized  topographically  by  flat- topped,  hum¬ 
mocky  hills  formed  as  a  result  of  glaciation  and  subsequent 
stream  dissection  of  nearly  flat-lying  strata.  The  Devonian  age 
sedimentary  rock  strata  in  Pike  County  regionally  strike  N35°E 
and  dip  gently  to  the  northwest.  The  Delaware  River  is  the  major 
drainage  basin  in  the  area.  Major  tributary  streams  intersect 
the  Delaware  River  at  right  angles;  whereas,  smaller  streams 
display  a  slightly  more  random  tributary  pattern.  Both  major  and 
minor  tributary  stream  systems  are  joint  controlled  and  exhibit 
modified  rectangular  and  trellis-type  drainage  patterns. 

Structurally,  the  area  containing  Pike  County  lies  on  the 
south  flank  of  a  broad,  asymmetrical  synclinorium  that  plunges  to 
the  southwest.  Superimposed  on  this  broad  structural  basin  are 
numerous  anticlinal  and  synclinal  folds  characterized  by  planar 
limbs  and  narrow  hinges.  Due  to  prior  glaciation,  low  relief  and 
surficial  soil  cover,  fold  axes  are  difficult  to  trace. 

The  sedimentary  rock  sequences  in  the  vicinity  of  the  dam 
and  reservoir  are  probably  members  of  the  Susquehanna  Group  of 
Upper  Devonian  age  (see  Geology  Map) .  The  sedimentological 
changes  observed  in  the  Cat ski 11  Formation  indicate  that  the  rate 
of  sedimentation  exceeded  the  rate  of  basin  subsidence  resulting 
in  a  facies  change  from  marine  to  non-marine  strata.  On  the 
accompanying  geology  map  the  delineation  between  the  Middle  and 
Upper  Devonian  age  sedimentary  rock  sequences  represents  the 
Allegheny  Front  which  separates  the  Valley  and  Ridge  physio¬ 
graphic  province  from  the  Appalachian  Plateaus  physiographic 
province. 

Approximately  half  of  Pike  County,  including  the  dam  site, 
is  covered  by  a  blanket  of  Wisconsin  age  (most  recent)  glacial 
drift  which,  based  on  the  degree  of  weathering,  was  probably 
deposited  during  the  Woodfordian  stage.  Valley  bottoms  are 
typically  covered  by  recent  alluvium  and  Woodfordian  outwash  of 
variable  thickness,  but  typically  less  than  10  feet.  These 
deposits  are  characteristically  unconsolidated  stratified  sand 
and  gravel  usually  with  more  gravel  than  sand  and  some  small 
boulders.  The  direction  of  the  Wisconsin  ice  advance,  was  from 
the  northeast  over  the  Catskill  Mountains  and  from  the  north  over 
the  Appalachian  Plateau.  The  terminal  moraine  resulting  from  the 
southern  most  advance  of  the  Wisconsin  ice  sheet  in  this  area  is 
located  in  the  southern  portion  of  Monroe  County  which  borders 
Pike  County  to  the  South. 
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Pe f oi.ijve  Hirer  Ffagr  Member,  grayi nh-grem,  micaceoun,  l-minated  nandntone  and  tenner  intcrl'cdded  nandu 
rhile .  p, i, in  range  fe>*r.  a  few  inohen  to  an  muoh  an  <t  feet  thiok.  Rfindntonen  are  loui-rink  gr-tywicken  and 
eontai  n  no  rrkivino  frpnifn.  Member  in  about  300  feet  thiok.  IfMer  contact  in  gnidat  io*bil . 
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Mahantnnqo  Formation  -  tfj'per  member  modi imt-ditrk-gi\iy,  fairly  eoarne  grained,  thin-i'oddc<i  nil  tut  one  a n,i 
nifty  rhafe •  member  in  abnit  TOO  feet  thiok  and  in  nej'aiwt.cd  from  lot,*er  memf'rr  by  the  "Ccnterfi  el, l  Reef,  n 
»t  oatrareour  niltrtene  b  font  rente  oontaining  abundant  horn  cotytln.  The  Cent  erf  ield  in  al't'ut  ?.r>  feet  thiok, 
leio-r  member,  virtually  mime  fithdogy  an  upper  member.  Unit  in  ah?ut  1,1 00  feet  thiok.  bower  contact  in 
gradat 


Marmlhifl  Shn  1  o  -  fV»r*'-fjrvi»/t  ei*enfy  bminated,  nifty  ofay  nltale  and  elayey  nilt  nhale  Unit  'imncnly 
rmtainn  Very  htrl  limjt  ronrret  ionn  and  in  i  dell  cleared;  bedding  in  generally  obn,ntred.  Member  in  ohv/t 
Tb-  feet  thirl.  I.>i,vr  rrntaot  in  gradational. 
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r,f  OI  nr,  IC  MAP  OF  NOR  THEAS  TFPfi  PENNSYLVANIA.  COMPILED  BY 
•.FO  M .  rj  TOSF  ANO  n.A.  I.  HJNC,r,  TPp  F  COMMONWEALTH  OF  PENN- 
ri  L  Y  »'  A  N  |  A  DFPT.  OF  INTFPNAL  AFFAIRS  OATFD  1932,  SCALE 
|  •  r  *  M||rs, 
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